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Abstract Comparative studies on pollination biology of two floral morphs in Alpinia 
hainanensis were carried out in Hainan Province and Guangzhou, Guangdong Province, 
southern China. Populations of A. hainanensis have two floral morphs and the behaviors of 
stylar movements in the two floral morphs are similar to those found in other species of 
Alpinia previously reported. However, the stylar movement behavior of the cataflexistylous 
morph is 2 h slower than that of the anaflexistylous morph. There are some asynchronous 
stylar movements on the same floral morph, even on the same inflorescence. Yet, all anthers of 
the anaflexistylous floral morphs dehisce only after all stigmas of the same phenotype have 
moved out of the receptive position, viz., above the anthers. Our results indicate that the 
anaflexistylous morph has more pollen grains per flower, higher pollen/ovule ratio (P/O), and 
larger nectar volume than the cataflexistylous morph, while approximately equal ovule 
numbers, sugar and amino acid concentration. Field experiments indicate that the fruit sets are 
significantly high in both artificially out-crossed and self-pollinated flowers, while no fruit set 
was observed in bagged emasculated flowers and the unpollinated bagged flowers. These facts 
exhibit that A. hainanensis is self-compatible and there is no self-pollination and 
agamospermy in the species. There are significant differences in the fruit sets among the 
anaflexistylous flowers with hand-pollination treatments at different times during the day, but 
not in the cataflexistylous flowers. The fruit set by hand pollination is much higher than that 
under natural condition. This means that A. hainanensis is dependent upon insects for 
pollination, and insufficiency of pollinators limited fruit set under natural condition. The 
effective pollinators were Ameglla sp. and two species of carpenter bees (Xylocopa sp.). 
However, only fewer insects at a lower frequency visited flowers of A. hainanensis in nature. 
The breeding system of A. hainanensis is xenogamy with flexistyly. 
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Fig. 1. Flowers and pollinators of Alpinia hainanensis. A, A cataflexistylous flower in morning. B, An anaflexistylous 
flower in morning. C, The anaflexistylous flower in the second day after fading. D, The cataflexistyle flower in the second 
day after fading. E, The synchronous stylar movements of the anaflexistylous flowers on the same inflorescence. F, The 
asynchronous stylar movements of the anaflexistylous flowers on the same inflorescence. G, A Xylocopa sp. 3 visiting a 
flower for nectar. H, A Xylocopa sp. 2 visiting a flower for nectar. I, A Xylocopa sp. 1 visiting a flower. Scale bar=1 cm. 
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Fig.2. The stigma movement of Alpinia hainanensis during a single day of flowering (mean+sd, n=20). 






































2001; Li et al., 2002; Zhang et al., 2003)[] DO OHI OU הה ][12:00 ה ה ה‎ D]. UH. DE חחח‎ 
[] .[] 13:00[] [1 000000-0 ם ם‎ I ם‎ J 01-06 (0.3330.18) em 00000.00 
15:000 [] הםםםםםםטםםםטםם ]15:601 םםםםהםםהםםםםםםםםטםם‎ 
Ud 0 9 0 I E] I] .16:30- 17:000] 000000000 C] 1) 070.4 em] DE LU U UU 
הפ2םםםםםהםםםםםםםםם‎ 
HOU מםםםםפוסםםהםםםםםםםהםםםהםםםםםםםםם‎ 
םםםםםםםםההםהםהםנקםםהםםם םהםהםםםםהםםםםםםםםם‎ 
uuaugummuutagb«q euabttltti3oor ü D D U D U DO D D U LU U 
מםםםםםה[פ6סםםםםםםםםםטםטםהםםםםםםםםםםם‎ 
15:300 00000000000000 םםםםםםםםהםםםםםהםםם‎ 
15:000 [] LH] IL D D U D] LEE] D D. 10.7 emp D 0 D WO D. D D L 
מםםםםםםםםםםםם ה 16:300 נםםםםםםםםםם םםםםםםם‎ 
מםםםםםםםםםםםםםטם סטםםםםםם הםנםםםםםםםםם‎ 
םםםםםם םםםםםםםםםםםםםהםםםםםנילםםםםם‎ DO 15:300 
םםםםםםםםםםםםםםםםם הםםםםםהםםםםםםםם‎ [ 
םםםםםםםםםםםםםטםם םםםםםםםםהםםהםהםםםםםםם‎ 
םםםםםםםםםםםםםםםםהםםםהםםהםם הםםהםםהםםםםםםם‎ 
םםםםםםםםםםםםםםהםםםםםםםםהםםהםם הםםםםםםםם‎ 
םםםםםםOOOOOOOOOOOOOBOOOOOOOOOOOOOOA‎ 
םםםםםםםםהםםםהםםםםטםםהםםםםםםםםםםםםםםםם‎ 
בםםםםםםםםהםהםםםםםםטםטםטםםםםםהםםם הםםהםםםםםםם‎ 
22 DOOOOOOOOOOO 

(EL EL EL CIL DT CE DT CE DT CE DT CE DE C]. OE CE OE CE DE UE DE 7. 7] C1 3507 D 7 D. 7. D U «40 U 
guru 00% D U D D DE D]. U] 9:600 D D] U DU. D. O D UU. U.. D. D D. UU 


























EXrr 5E E כם: בש‎ aaa == 
בם בם‎ H rp rp rm בם‎ rpm rpm! p! ₪2 ₪ 
E ES רתי‎ E Jes] tdt EST EST ES] ES ET = = no 























42 U ם ם ם‎ D D 43 [] 





OOO D] U 28.43%] 39.06%0 0000000‏ 10:300 ם ][ ][ [.56.51% ]65.13% ם םח ם 
,0 10:000 םםםםםםםטםםםםםםםםםםםםםםםםםםםםםםםםם 
lUDUDUUDUDDD10ƏD 00000000000000 .0 0 075%)‏ 

90%[] 


120 , : 
TO LE at 
The pollen viability 
100 of the antaflexistyle 


we CEE 
The pollen viability 
60 of the cataflexistyle 


40 A EAS RS 
The stigma 
20 acceptability of the 
anaf lexistyle 
0 —X— T3 RUEESE n RK 
8:30 11:30 14:30 17:30 9:00 10:30 The stigma 
dx The first day FORK m= acceptability of the 
x cataflexistyle 
The second The third 
day day 
WFR] Time of the day 


HK TRE / EAE Q0 


The pollen viability/stigma acceptability (%) 





3 
Fig. 3. Changes of pollen viability and stigma acceptability of Alpinia hainanensis. 
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Table 1 Comparison of pollen number and pollen/ovule ratio (P/O) per flower between the cataflexistyle morph and the 


anaflexistyle morph in Alpinia hainanensis (mean+sd, n=20) 
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Fig. 4. Changes in mean nectar volume, sugar concentration of Alpinia hainanensis during the day in Hainan (meantsd, 


n-20). 
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Fig. 5. The visiting frequency of visitors to flowers of Alpinia hainanensis in Hainan (meantsd, n=5)‏ 
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Table2 Comparison of the efficiency of pollination between the pollinators (The numbers of pollen grains in the stigma of 
the virgin flowers after being visited for the first time) 
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